Abstract Steroid cell tumors are rare ovarian sex-cord stromal tumors with malignant potential. The majority of these tumors produce steroids with testosterone being the most common. The diagnosis of these rare tumors can be problematic especially in the case of a small nonpalpable ovarian tumor. A 41-year-old woman presented with the gradual onset of defeminization, mild hypothyroidism, and virilization. A physical examination revealed a relatively healthy woman with borderline hirsutism, clitoromegaly and adnexal fullness without a palpable tumor. Elevated serum levels of TSH and testosterone were found preoperatively. Five weeks after an oophorectomy, serum levels of TSH and testosterone returned to normal and menstruation returned. Nonpalpable virilizing ovarian steroid cell tumors may be difficult to diagnose. A careful study of the patient's history, the development of defeminization followed by virilization, and a "characteristic" ultrasonogram, can be helpful for diagnosis. Hormonal studies including thyroid function should also be considered in an ovarian steroid cell tumor.
Introduction
Steroid cell tumors are rare ovarian sex-cord stromal tumors. Sex-cord stromal tumors account for 5% of all ovarian tumors, and steroid cell tumors account for less than 0.1% of all ovarian tumors [1] . The majority of these tumors produce hormones with testosterone being the most common. The diagnosis of these rare tumors can be problematic especially in the case of a nonpalpable ovarian tumor. This report describes the case of an adult woman presenting with the gradual onset of defeminization, mild hypothyroidism, virilization, and a small nonpalpable pelvic mass that proved to be a benign steroid cell tumor, not otherwise specified (NOS).
Case report
A 41-year-old female, G3P3, presented with a 5-year history of gradual defeminization including oligomenorrhea, nonspecific symptoms of hypothyroidism such as weight gain, and relatively slow motion. Amenorrhea and then the gradual onset of virilization followed including increased truncal hair and deepening of voice 2 years prior to this presentation. There was no acne or baldness. She was not taking any kinds of medication. She gained 10 kg of body weight over the previous 2 years. Her past medical history was significant for mitral valve prolapse with no limitation of physical activity. She was 167 cm in height and 88 kg in weight, with mild hirsutism of grade 1. The thyroid gland was normal by palpation. A pelvic examination revealed a mildly enlarged clitoris, 10 mm in width, and right adnexal fullness without a palpable mass. The pubic hair development was at Tanner stage 4.
Laboratory analyses showed normal blood counts and normal serum values of CA-125, prolactin, FSH, LH, and ACTH. The serum TSH level was 9.3 IU/ml (reference value, 0.25-4.0 IU/ml), and the total testosterone level was 2.4 ng/ml (reference value, 0.06-0.86 ng/ml). A transvaginal ultrasound identified a well-circumscribed, lobulated, solid, right ovarian tumor, 4.0×3.2 cm in diameter (Fig. 1) . The morphologic index of this tumor was 2 (the volume 0, the structure 2) [2] . Tumor vessels presented with a 0.59 flow pulsatility index, and a 0.43 resistance index in the Doppler study. No ascites or other abnormalities were present. The patient underwent an exploratory laparotomy with a right oophorectomy. The ovarian venous blood was not sampled during the operation. The left ovary and the uterus were normal.
A gross pathological examination of the ovary revealed a yellow-orange solid mass, 5.6×3.7×3.0 cm in diameter (formalin-fixed section is shown in Fig. 2) . Microscopically, the sections were consistent with a benign ovarian steroid cell tumor, NOS (Fig. 3 ). There were no luteinized stromal cells or luteinized theca cells present. Five weeks after the operation, serum levels of TSH and testosterone returned to normal, and the first postoperative menstrual flow was normal. The patient also lost 1.5 kg of body weight without any effort. She was in euthyroid condition and disease-free 1 year after surgery at the time of the report.
Discussion
Scully initiated the term "steroid cell tumor of the ovary" in 1979. These tumors were previously classified as lipid or lipoid cell tumors. Lipoid cell tumors are believed to arise in adrenal cortical rests that reside in the vicinity of the ovary. More than 100 cases have been reported, and bilateral disease has been noted in only a few. The early nomenclatures were misleading because some tumors have little or no lipid present. The term "steroid cell tumor" more accurately describes the morphological appearance of these tumors and provides insight into their clinical manifestations. There are three steroid cell tumor subtypes: steroid cell tumor (NOS), stromal luteoma, and Leydig cell tumor [1, 3] . In 1987, Hayes and Scully reported the largest series of patients (n=63) with steroid cell tumor, NOS [1] . The tumors were typically solid and well circumscribed, occasionally lobulated, and rarely bilateral. They usually occurred in adults, with an average age at diagnosis of 43 years. The tumors were composed of two similar-appearing polygonal cell types that differed only in their cytoplasmic appearance (eosinophilic versus vacuolated). The most common initial manifestation was virilization (41%). In 24 cases (38%), the tumor was designated as probably benign (no evidence of spread beyond the ovary 3 or more years postoperatively) [1] . Steroid cell tumors, NOS, sometimes produce hormones other than testosterone, for example, estradiol secretion has been reported in 6-23% of patients. These tumors have been associated with Cushing's syndrome in 6-10% of cases [1] . They may secrete other hormones such as androstenedione, dehydroepiandrosterone sulfate (DHEA-S), estrogens, 17-hydroxyprogesterone, ACTH, and there are even reports of the secretion of cortisol, rennin, and so on. We do not have direct evidence that the tumor in our patient secreted TSH and testosterone, but the elevated serum levels of TSH and testosterone returned normal after surgery. In general, the degree of TSH elevation correlates with the clinical severity. The serum TSH level of this patient was mildly elevated; therefore we encountered only a few nonspecific symptoms of hypothyroidism.
In a MEDLINE and a PubMed literature search from 1966 to March 2007 using search terms "ovarian neoplasm, ovarian sex cord-stromal tumors, ovarian steroid cell tumor, lipoid cell tumor, or lipid cell tumor" and "virilization or hypothyroidism," we were unable to find any cases of ovarian steroid cell tumor and hypothyroidism. About 6 months prior to seeing this patient, however, we encountered and then reported a patient with hypothyroidism and hyperlipidemia, associated with a virilizing ovarian steroid cell tumor. That patient had a 15-year history of hypothyroidism under fair control with thyroxine and an 8-year history of hyperlipidemia presenting with abrupt onset of oligomenorrhea, progressive virilization with elevated testosterone level, and a nonpalpable benign steroid cell tumor [4] . These two patients are the only two steroid cell tumors at this hospital, and both cases were associated with hypothyroidism. We raise the question of whether thyroid function should also be evaluated for this tumor.
The diagnosis of these rare tumors can be problematic, especially in the case of a nonpalpable ovarian tumor. A careful study of the patient's history can eliminate medications as a cause of virilization and hirsutism. Our patient did not take any medicines. Development of defeminization followed by virilization can be a helpful sign for diagnosis. Preoperative evaluation for women with virilization includes a bimanual examination, serum testosterone, DHEA-S, and computerized tomography (CT) of the adrenals and ovaries [5] . Although a CT can identify an adrenal mass as small as 1.5 cm, transabdominal and transvaginal ultrasounds are very useful in evaluating ovarian tumor size and morphology [6] . Therefore, a gray-scale transvaginal sonography combined with color Doppler studies can make the diagnosis of small steroid cell tumors easier, and at times, better than more costly imaging modalities [7] . In this study, we followed this suggestion and demonstrated the "characteristic" ultrasonogram of this small tumor that was very useful in the preoperative assessment.
It has been suggested that ovarian and adrenal venous catheterization and sampling not be performed routinely in women presenting with symptoms and signs of hyperandrogenism; venous catheterization and sampling should be reserved for patients in whom uncertainty remains [8] . We omitted ovarian vein blood sampling, since ovarian tumor had been diagnosed with transvaginal sonography preoperatively. When in doubt, exploratory laparotomy with intraoperative selective blood sampling of the ovarian veins might be a useful approach in patients without accurate preoperative localization of androgen-producing tumors of the ovaries [9] .
The differential diagnosis of steroid cell tumors would include other sex cord-stromal tumors, primary or secondary carcinomas, and melanomas. In young women with virilization or in young adults, steroid cell tumors in other locations should be sought [10, 11] . Although the tumor with virilization and rarely associated massive ascites might look malignant clinically, the tumor might prove to be benign [12] . In young adult women with secondary amenorrhea, or in perimenopausal women with severe hyperandrogenism and virilization, Leydig cell tumor of the ovary should be considered [13, 14] . Of the different markers that have been reported to stain ovarian stromal tumors, inhibin has proven to be the most helpful; immunostaining with calretinin has also being suggested as a sensitive marker [15, 16] .
The management of steroid cell tumors, NOS, is similar to other ovarian stromal tumors, i.e., surgery, ranging from conservative surgery to complete surgical staging. Postoperative follow-up should include monitoring of hormone levels. Therapy should be individualized based on tumor histology, surgical staging, and the desire for future childbearing. Our patient was apparently healthy at 1-year follow-up examination and enjoyed her life.
